Humic substances (HS) cause problems in water purification because of disinfection by-product (DBP) formation during chlorination. The efficiency of activated carbon (AC) adsorption as a method in drinking water treatment has been investigated in removing HS at different pH values (pH ¼ 5; 6; 7; 8) in static equilibrium experiments. The degradation of HS was studied with an EM (effective microorganisms) bacteria community, and solutions of fulvic acid, sodium humate furthermore extracts of sandy soil were investigated. EM products are widely used but their effect on HS has not been investigated before. The combination of EM and AC methods in the case of fulvic acid resulted in higher performance than any of these methods alone. Humic substances were analyzed using a UV-VIS spectrophotometer and by total organic carbon (TOC) measurements. The carbon/nitrogen ratio was also determined, which enabled conclusions to be made for the nutrient supply. According to these results the degradation was efficient, especially in fulvic acid solutions.
INTRODUCTION
Adsorption is an important process in drinking water as well as waste water treatment. The affinity between the solute and the adsorbent can be characterized by adsorption isotherms generated in static equilibrium experiments.
Isotherms of organic solutes were divided into four main groups by Giles et al. () . The basis of this classification is the initial slope of their curve. The S-type isotherms indicate e.g. a strong competition between the solute and solvent molecules for substrate sites, while the L ('Langmuir') curve characterizes the case that the solute has a high affinity for the adsorbent. The H curve means very strong interaction between the solute and the adsorbent. In C-type isotherms, linear relationships can be observed with constant partition when the availability of sites remains constant at every concentration value up to saturation.
The above classification of adsorption isotherms can also be used in the removal of humic substances from water by activated carbon. The adsorption performance can be improved by using small-size granulated activated carbon (GAC), low pH, low temperature, and a significant increase in the dosage of GAC (Chen et al. ) . Our aim was to study the efficiency of HS removal from water by GAC, to investigate the effect of EM on degradation of dissolved organic matter (DOM), and furthermore to examine the combination of EM and GAC in removing DOM.
MATERIALS AND METHODS

Materials
Chemicals used in the preparation of buffer solutions (sodium dihydrogen phosphate and disodium hydrogen phosphate) were obtained from Reanal Chemical Co. 
The degradation of DOM with EM
The degradation of humic materials was analyzed by an EM bacteria community after 1 and 7 days. Solutions of fulvic acid, sodium humate and extracts of sandy soil were investigated in 0.01 mol L À1 phosphate buffer at pH ¼ 7.
Experiments were carried out with and without EM. The bacteria suspension was applied in 1:100 dilution ratio.
Ten grams of sandy soil was shaken with 100 mL of solution for one hour and left to stand overnight for equilibration at 25 W C. Equilibrium phases were separated by filtrationpaper or membrane (pore size: 0.45 μm) -and were analyzed for organic carbon and total nitrogen content. EM was added to the extract before filtration and in case of another sample after filtration. All samples were in triplicate. The degradation in the liquid phase was followed by UV-VIS and total carbon/total organic carbon (TC/TOC) measurements (see Analytical methods). In order to check the nutrient supply, the total nitrogen (TN) content was also determined and the C/N ratio was calculated as the ratio of TOC (mg L À1 ) and TN (mg L
À1
).
Combined method
GAC with EM as a combined method was also evaluated at pH ¼ 7 in removing fulvic acid and sodium humate from water (100 mg L À1 HS) after 1 and 7 days. Static equilibrium experiments were carried out after 2 g GAC was added by 0.02 mL bacteria mixture.
Analytical methods
Fulvic acid, sodium humate concentrations and DOM content were determined in the liquid phase by a Jasco V530 UV-VIS spectrophotometer at λ ¼ 254 nm. Standard solutions used for the analytical calibration curve of HS (FA, HANa) were prepared by exact weighing. DOM content of sandy soil extract was followed by the change of absorption at 254 nm. TC/TOC and TN was measured by Thermo Euroglas TOC 1200 equipment.
RESULTS AND DISCUSSION
The term 'water treatment' is not specific because it includes methods of drinking and wastewater purification, which can also be applied in the remediation of contaminated groundwater. The present paper is a general study focusing on the removal of DOM from different aquatic systems where not only the activated carbon but even microorganisms can be used in the treatment.
Adsorption by GAC
The pH dependency of the HS adsorption on the studied GAC sample can be seen in Figure 1 An L-type isotherm generated at lower pH values suggested stronger adsorption, which is mostly emphasized at pH ¼ 5.
Fulvic acid is a relatively small hydrophilic molecule, which adsorbs on GAC with high affinity (Figure 1(a) ).
Humic acid is insoluble at low pH values but, dependent on the environmental conditions, it may be solubilized or even dissolved. Sodium humate, which is a soluble form of HA, was used in the experiments. This compound being salt adsorbs on GAC with lower affinity because it resulted in an S-type isotherm at all pH values investigated (Figure 1 (b)) but the specific adsorbed amount was very similar to that of FA in every case.
The degradation of DOM by EM
The degradation of humic substances by the applied bacteria community was quite efficient (Figure 2a and (b), Table 1 ).
The most significant effect was found in the fulvic acid solution and in one of the extracts of sandy soil with membrane filtration. In the case of fulvic acid, the TOC value slightly increased during the 1st day; at the end of the experiments (7th day) FA degraded totally (FA þ EM).
Regarding sodium humate, the amount of the humic material hardly changed within the investigated period (Figure 2(a) ). Sandy soil extracts were filtered by a 0.45 μm membrane. When the extract was made with a phosphate buffer and treated with bacteria the total degradation of organic substances could be observed ('S þ B EM m' in Figure 2(a) ). When EM was added to the soil DOM after membrane filtration, the total organic content decreased fast ('S þ B m EM' in Figure 2(a) ). Some differences in the tendency of UV absorbance and TOC values (Figure 2 (a) and (b)) can be explained by various processes having different reaction rates and resulting in various degradation by-products. Non-aromatic groups could be degraded at the beginning, and might be followed by the decomposition of aromatic groups.
The change of the C/N nutrient ratio during the biodegradation test is shown in Table 1 . High concentration of nitrogen could be measured in case of the fulvic acid solution and the most efficient degradation was also found in this sample.
A large C/N ratio means less N for bacteria which may hinder the degradation. The ratio was better in soil extracts than in solutions of fulvic acid or sodium humate. The C/N ratio increased in the case of sodium humate which means a lack of nutrients available for bacteria and it may lead to the experienced lower efficiency. The smaller fulvic acid is more accessible for the microorganisms than the bigger sodium humate.
Combined application of GAC and EM
Based on UV absorbance results GAC was effective in removing humic materials: 83% for FA and 92% for HANa. EM in themselves proved to be inefficient after one day, because the removal was only 1.3% for FA and 0.5% for HANa. When EM was applied on GAC in static equilibrium experiments, this combined method resulted in better removal than any of these methods alone: the efficiency was 97% for FA and 94%
for HANa.
In the presence of bacteria (Figure 3 ) at pH ¼ 7, sodium humate resulted in S-type and fulvic acid in L-type isotherms on GAC. Comparing these isotherms with the GAC experiments without EM at pH ¼ 7 (Figure 1(a) ), significant differences can be found for FA: by combining GAC with EM, higher amounts could be removed. Not only fulvic acid but also the bacteria can be bond on the activated carbon surface where the possibility of degradation is high.
On the other hand, EM did not enhance the removal of sodium humate (Figures 1(b) and 3 ), which is a much less accessible organic compound for microorganisms.
The application of activated carbon can adsorb not only the HS but also the EM. In this case the microorganisms and by the applied bacteria community was also efficient, especially in the fulvic acid solution and in one of the extracts of sandy soil with membrane filtration. The combined EM and GAC method in static equilibrium experiments resulted in higher performance than any of these methods alone in the case of FA. The efficiency was 97% for FA and 94% for HANa. EM did not help in removing sodium humate because it is less accessible for microorganisms than the smaller fulvic acid. As there are strict regulations about using bacteria in drinking water treatment processes they could be used for instance in the purification of contaminated water (e.g. groundwater or waste water).
